The DNA of herpesvirus pan, a primate B-lymphotropic herpesvirus, shares about 40%o well-conserved sequence relatedness with Epstein-Barr virus (EBV) and herpesvirus papio DNAs (6-9, 13, 17, 22, 24, 36). The viral capsid, membrane, and early antigens specified by each of these viruses extensively cross-react with antisera from the heterologous primate species (6-9, 13, 22, 24, 36). The host range of each of these viruses in vitro is limited to primate B lymphocytes in which the virus induces growth transformation and expression of an intranuclear antigen. Although limited cross-reactions have been detected, the intranuclear antigens specified by each of these viruses have major non-cross-reactive determinants (8, 9, 27, 32 
Herpesvirus pan (HVPan), Herpesvirus papio (HVPapio), and Epstein-Barr virus (EBV) are endemic in their respective primate species: chimpanzees, baboons, and humans (6-9, 13, 17, 22, 24, 36) . The viral capsid, membrane, and early antigens specified by each of these viruses extensively cross-react with antisera from the heterologous primate species (6-9, 13, 22, 24, 36) . The host range of each of these viruses in vitro is limited to primate B lymphocytes in which the virus induces growth transformation and expression of an intranuclear antigen. Although limited cross-reactions have been detected, the intranuclear antigens specified by each of these viruses have major non-cross-reactive de- terminants (8, 9, 27, 32) .
Previous studies of HVPan, HVPapio, and EBV DNAs indicated that (i) HVPapio and HVPan have 40% homology to EBV DNA (6) (7) (8) (9) , ( ii) the sizes of EBV and HVPapio DNAs are 100 to 114 x 106 daltons (3, 4, 10, 14-16, 18-23, 29, 30) , (iii) EBV and HVPapio DNAs have similar organizational formats: a variable number of tandem direct repeats of a 500 to 600-base pair sequence (TR) at both ends of the DNA, a variable number of tandem direct repeats of a 3,071-base pair sequence IR which divides the genome into a short unique region Us and a t Deceased. long unique region UL, and the duplication of sequences which map at 26 to 28 and 93 to 95 x 10°daltons in UL (3, 4, 10-12, 14-16, 18, 21, 23, 30) , and (iv) labeled fragments of EBV DNA through the entire genome hybridize to fragments at identical map positions in HVPapio DNA (16) . Regions of nonhomology between EBV and HVPapio DNAs are confined to the termini and to DNA which maps at 54 to 59 x 106 daltons (16) .
The purpose of the experiments reported here is (i) to determine whether HVPan DNA is more or less related to HVPapio DNA than to EBV DNA, (ii) to determine whether HVPan DNA shares a common structural architecture with EBV and HVPapio DNAs, and (iii) to derive restriction endonuclease maps for HVPan DNA. Based on the previous observation that each cloned (8) . HVPan 1 (chimp, 8, 9) and HVPan 2 (Austen, gift of H. Rabin, Frederick Cancer Research Center) are virus-producing chimpanzee lymphoid cell lines. The procedure for purification of virus from the supernatant media of cell cultures and the preparation of viral DNA from dextran-banded virus have been described (29) . HVPan 1 cell cultures produced very limited amounts of extracellular virus. Therefore, HVPan 1 viral DNA was partially purified from a sodium dodecyl sulfate-proteinase K lysate of HVPan 1 cells by CsCl density equilibrium sedimentation as previously described (14) . Recombinant EBV B95-8 or W91 DNA BamHI fragments cloned in pBR322 and EcoRI fragments cloned in Charon 4A or MUA-3 were gifts from T. Dambaugh, N. Raab-Traub, and M. Hummel (3, 30) .
Labeling and hybridization of DNAs. The procedures for radioactive labeling of DNA by nick translation, restriction endonuclease digestion of DNA, separation of DNA fragments by agarose gel electrophoresis, Southern blotting, hybridization of labeled DNAs to nitrocellulose filters, and the analysis of DNA-DNA reassociation kinetics with S1 nuclease have been previously described (10, 11, 15, 28, 29) . Probe DNAs were hybridized to Southern blots in 1.0 M Na+ at 74°C. DNA-DNA reassociation in solution was performed in 1.0 M Na+-5% formamide at 74°C. Restriction endonudease maps of HVPan DNA. Replicate Southern blots were made from agarose gels of EcoRI, XbaI, and BamHI fragments of HVPan 1 DNA. Labeled cloned EBV DNA fragments were hybridized to the blots to identify the EcoRI, XbaI, and BamHI fragments which contain sequences related to the EBV probe fragments (Fig. 3) . The sizes of the HVPan DNA fragments were estimated from the migration of the fragments relative to bacteriophage lambda DNA fragment standards (36, Table 1 ). These data establish a linkage map of the EcoRI, XbaI, and BamHI restriction endonuclease fragments of HVPan 1 DNA (Fig. 4) . 
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For example, labeled EBV BamHI-U hybridized to HVPan 1 EcoRI-H, XbaI-B, and BamHI-T, -D, and -E. These EcoRI, XbaI, and BamHI fragments must therefore overlap in the HVPan genome. HVPan BamHI-T shares sequences with labeled EBV BamHI-P probe. This probe fragment hybridized to HVPan EcoRI-J only. Therefore, EcoRI-J maps next to EcoRI-H. The remaining fragment linkage relationships were established in a similar way. The HVPan 1 DNA restriction enzyme fragment map is presented in Fig. 4 .
The HVPan DNA fragments are shown with the homologous EBV probe fragment ( Fig. 3 and  4) . Most EBV probes hybridized to only a single region of the HVPan genome. EBV DNA fragments containing sequences duplicated at two locations in UL of EBV, BamHI-H and BamHIBi ( Fig. 4 ; [30] (Fig. 4) . There was no detectable homology between the TR components of EBV and HVPan DNAs. To further examine the termini of HVPan DNA, the HVPapio HindIII-R het fragment of 1 x 106 daltons, which contains the TR of HVPapio DNA (15, 16) (15, 16) . Homology between sequences mapping at 26 to 28 and 93 to 95 x 106 daltons is conserved in the three DNAs (15, 16, 30) . From the extent of conservation of format among these three DNAs, it is likely that the B-lymphotropic herpesviruses ofgorillas and orangutans will share this DNA structure, particularly since these viruses are all closely related by immunological criteria (7, 9, 26, 31) .
There is nucleotide sequence conservation and some divergence among HVPan, HVPapio, and EBV DNAs, since only 40%o of the sequences are able to form oligo-polynucleotide base pairs under stringent reassociation conditions (6, 9) . This is a minimum estimate of DNA sequence conservation among these DNAs. At Tm -25°C, regions of only partial homology among the DNAs could form heteroduplexes which would be S1 nuclease sensitive owing to interspersed unmatched base pairs (39) . The conserved sequences are colinear among the genomes and are distributed across almost the full length of the DNAs (16). The colinear relatedness of EBV, HVPan, and HVPapio DNAs over almost the entire length of the molecules indicates that these primate viruses evolved from a common ancestor.
EBV and HVPan DNAs share the same degree of homology to HVPapio DNA, and HVPapio and HVPan DNAs share the same degree of homology to EBV DNA. This suggests that the three viruses evolved from a common parent at about the same time. Two evolutionary models are suggested: (i) a vertical model in which the evolution of the viruses was contemporary with the evolution of the host primate species or (ii) a horizontal model in which a common progenitor virus spread among the host species at some point after the onset of species divergence. Nucleotide sequence analysis of viruses from primates which share common and diverse evolutionary branch points should discriminate between these two hypotheses. Studies of nucleic acid homologies among the nonrepeated sequences of primate DNAs have provided a measure of the evolutionary relationships among apes and Old World monkeys (1) . Data on the extent of reassociation of nonrepeated cellular DNAs and the thermal stability of these DNA hybrids suggest that humans are closely related to the chimpanzee and gorilla and progressively more distantly related to other apes and Old World monkeys, including baboons (1). The similar genetic relatedness among EBV, HVPan, and HVPapio DNAs is not consistent with the evolutionary relationships of the host species. These data therefore favor the horizontal spread of an ancestral virus among the primate host species after the onset of species divergence.
The extent to which structural organization and nucleic acid sequence are conserved among HVPapio, HVPan, and EBV DNAs suggests the operation of selective pressures which maintain the genetic relatedness of these genomes. Some of the constraints on the position and sequence of a region of DNA within a genome arise from multiple utilization of the same DNA sequence for overlapping or complementary codons, a common leader sequence for several mRNAs, or a common control region for several genes. These phenomenon are well documented in smaller viral genomes (e.g., adenovirus; 5, 34, 35) . Another constraint which may have acted to limit the divergence of the genomes is maintenance of sufficient sequence homology and compatible structural genetic organization to permit viable reassortments through homologous recombination. The latter may be selective in the evolution of bacteriophage whose hosts share a common ecological habitat (2) . It may be less relevant to the primate herpesviruses, since their hosts do not naturally interact. Furthermore, the high prevalence of homologous infection and immunity makes chance infection with the heterologous agent unlikely.
The consistent lack of homology among the terminal reiteration sequences of EBV, HVPan, and HVPapio DNAs contrasts with the extensive homology among the IRs and the duplication of related sequences in UL of these genomes. IR encodes abundant polyadenylated cytoplasmic RNAs in latently infected growthtransformed cells (19, 20, 38) . No mRNAs have been mapped to TR. The evolution of TR might be less constrained if it is a structural element which facilitates the circularization of the linear DNA after infection (25) . 
